Sensitivity of predicted ozone and ClNO 2 concentrations to rate parameter estimates for the heterogeneous ClNO 2 production mechanism
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VOC surrogate mixture
The mixture of VOCs was a surrogate mixture formulated to represent an average urban VOC mixture.
The formulation was based on EPA data collected from 1985 to1988 in 66 US cities and has been used extensively since in both measurement and modelling studies. The 182 species represented in this dataset were condensed to the nine representative reactive species present in the surrogate mixture. The condensed mixture represents the same overall reactivity, per parts per million by volume of carbon (ppm C), as the original mixture. An 'inert or lost carbon' category is included to represent the compounds that were removed because of low reactivities or condensed into smaller representative species. Table S1 shows the constituents of the mixture. [2] Environ. Chem 
Parameter value ranges
The reactive uptake was varied between 0 and 0.038, an upper limit determined from the literature [3] [4] [5] [6] Particle surface area was approximated by assuming a trimodal particle distribution, with 30, 50 and 20 % (by mass) having average diameters of 0.1, 0.5 and 1.0 μm. In the simulations presented here, an aerosol concentration of 15 μg m -3 was used. ClNO 2 yield was varied between zero and one to correspond with the wide range of yield values reported in the literature. [3, [5] [6] [7] [8] [9] VOC levels were varied between 0 and 1000 ppb C with a value of 300 ppb C considered to be a level representing a moderate urban concentration of VOCs.
Results and discussion
The heterogeneous N 2 O 5 -ClNO 2 mechanism is able to reproduce ClNO 2 concentrations that have been observed in the environment within parameter ranges used in this study. Depending on the combination of heterogeneous parameters, VOCs and NO x , the mechanism contributed to both peak ozone reduction as well as peak ozone increases. The range was a -10.5 to 27 % change in peak O 3 concentrations relative to the base case scenario containing no heterogeneous chemistry. The decreases in ozone typically resulted from low values of ClNO 2 yield (0-15 %) depending on the amount and types of VOCs present). This was likely due to a higher conversion rate of NO x into nitric acid at lower ClNO 2 yield values, which simultaneously reduced the amount of ClNO 2 produced. Combinations of yields above 25 % and reactive uptake coefficients greater than zero resulted in increases in peak ozone levels.
The effect of changing base VOC concentrations was also examined. Four scenarios with differing initial VOC concentrations were used: (1) 0 ppb C VOCs; (2) 300 ppb C VOCs; (3) 1000 ppb C VOCs; (4) 300 ppb C t-2-butene. The reason for isolating the effects of t-2-butene within a single scenario is that it rapidly reacts with NO 3
• , thus producing HNO 3 instead of N 2 O 5 through the reaction of NO 3
• with NO 2 .
For all values of γ examined, the effect of increasing the value of the yield parameter from 0 to 100 % at a fixed γ was a linear increase in peak ozone concentrations. This is summarised in Fig. S1 . the effects of these variations on peak ozone formation in simulations where surface area was set to correspond to a particle concentration of 15 μg m -3 and the VOC concentration was 300 ppb C. Fig. S4 shows the peak ClNO 2 production from the same set of simulations. 
Effects of multi-parameter variation
The combined effects of the variation of multiple parameters can also be examined. As the contour plots concentrations of ClNO 2 in the morning as well as larger increases in peak O 3 concentrations over the base case simulation in which no heterogeneous chlorine chemistry was included. However, the variation of different parameters results in different effects. For example, a 10.8 ppbv increase in peak ozone over the base case peak concentration (74.8 ppb) results from initial conditions of 300 ppb C of VOC surrogate, a reactive uptake coefficient of 0.03 and a yield value of 0.75. By fixing reactive uptake at a value of 0.03 and increase yield from 0 to 0.75, the resulting increase in peak ozone concentration is 18.82 ppbv. However, fixing the yield parameter at a value of 0.75 and increasing the reactive uptake from 0 to 0.03 results in maximum ozone increase of 12.14 ppbv. These results illustrate the range of ozone effects that can be achieved using rate parameters within accepted ranges. In the results discussed here, a particle surface area equivalent to a population of 15 µg m -3 was used. 
